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ABSTRACT 

S e v e r a l  o f  t h e  a r g u m e n t s  c o n c e r n i n g  t h e  i7cyu. i rement  
foi- a two-burn  l u n a r  o r b i t  i n s e r t i o n  maneuver  a1.e d i s c u s s e d .  
I n  g e n e r a l ,  t h e r e  a p p e a r s  to be no good t e c h n i c a l  a rgumen t  
e i t h e r  for o r  a g a i n s t  t h e  p r o p o s a l .  The m o n i t o r i n g  l i m j t s  
for t h e  one-burn  LO1 maneuver  can b e  s e t  s o  t h a t  b o t h  t h e  
p robaL) i l i . t y  of c r a s h i n g  and t h e  p r o b a b i l i t y  of  a p r e m a t u r e  
e n g i n e  shutdown a r e  v e r y  s m a l l .  T h e r e  i s  a p o s s i b i l i t y  t h a t  
t h e  d u r a t i o n  o f  t h e  l u n a r  o r b i t  t i m e l i n e  would b e  l e n g t h e n e d  
by f o u r  h o u r s  b e c a u s e  o f  t h e  two r e v o l u t i o n s  i n  t h e  i n t c r -  
m e d i a t e  p a r k i n g  o r b i t .  The a u t h o r  has  n o t  h e a r d  a s t r o n g  
a rgumen t  t h a t  t h i s  i s  s i g n i f i c a n t l y  d e t r i m e n t a l ,  however. 
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MEMORANDUM FOR F I L E  

IN T RO DU C T I 0 N 

MSC has r e c e n t l y  p roposed  t h a t  t h e  A p o l l o  l u n a r  o r b i t  
i n s e r t i o n  ( L O I )  maneuver b e  done i n  two s t a g e s .  The f i r s t  
maneuver would p l a c e  t h e  s p a c e c r a f t  i n t o  s o m e t h i n g  l i k e  a . 6 0  
b y  170 n a u t i c a l  m i l e  e l l i p t i c a l  p a r k i n g  o r b i t .  A f t e r  two 
c o m p l e t e  o r b i t s ,  a s e c o n d  maneuver would b e  p e r f o r m e d  p l a c i r i g  
t h e  s p a c e c r a f t  i n t o  a 6 0  n a u t i c a l  mi l e  c i i - c u l a r  o r b i t .  T h e  
tw= o r b i t s  bztweeii  m m e u - v e r s  are p r o v i d e d  t o  a l i o w  for IWFN 
t r a c k i n g  and a s t a t e  v e c t o r  and t a r g e t  u p d a t e  p r i o r  t o  t h e  
second  maneuver .  I n  a d d i t i o n ,  p r o v i s i o n  i s  c u r r e n t l y  b e i n g  
made t o  p e r f o r m  a p l a n e  t r i m  maneuver a b o u t  two and one  q u a r -  
t e r  o r b i t s  a f t e r  a one b u r n  LO1 or a t  a b o u t  a q u a r t e r  o f  a n  
o r b i t  a f t e r  a two b u r n  L O I .  In t h e  two burn c a s e ,  t h e  t r i m  
b u r n  may b e  i n c l u d e d  i n  t h e  second  b u r n .  

REASONS FOR THE TWO-BURN LO1 

The MSC p r o p o s a l  i s  based  p r i m a l - i l y  on t h e  f e e l i n g  
t h a t  d e b o o s t i n g  i n t o  Lunar  O r b i t  i s  s a f e r  i n  that i t  would 
r e q u i r e  a s i g n i f i c a n t l y  l o n g e r  o v e r b u r n  on t h e  f i r s t  maneuver 
t o  g e t  t h e  s p a c e c r a f t  i n t o  t r o u b l e .  I n  t h e  s i n g l e  b u r n  c a s e ,  
a n  o v e r b u r n  o f  a b o u t  8 . 5  seconds  (when a p p l i e d  i n  t h e  most  
s e n s i t i v e  d i r e c t i o n )  r e s u l t s  i n  a s u b s u r f a c e  p e r i l u n e .  When 
d e b o o s t i n g  i n t o  a 60  b y  170 n a u t i c a l  m i l e  o r b i t ,  a n  o v e r b u r n  
o f  a b o u t  15 s e c c n d s  i s  r e q u i r e d  for a s u b s u r f a c e  p e r i l u n e .  
MSC feels t h a t  t h e  d i f f e r e n c e  o f  6 . 5  s e c o n d s  p r o v i d e s  a n  
a t t r a c t i v e  e x t r a  sa fe ty  m a r g i n .  

MSC also o f f e r e d  some s u p p o r t i n g  a rgumen t s  for t h e  
two-burn d e b o o s t .  Dur ing  t h e  LO1 maneuver ,  t h e  a s t r o n a u t s  
w i l l  b e  m o n i t o r i n g  t h e  EMS ( E n t r y  M o n i t o r i n g  Sys t em)  AV 
c o u n t e r  and  t h e  c l o c k  i n  o r d e r  t o  p r e v e n t  a n  o v e r b u r n .  I f  
t h e  AV c o u n t e r  and t h e  c l o c k  exceed  c e r t a i n  l i x i t s ,  t h e  a s t r o -  
n a u t s  are  t o  s h u t  down t h e  e n g i n e  m a n u a l l y .  A s t u d y  ( R e f e r e n c e  
1) done  a t  MSC i n d i c a t e d  t h a t  w i t h  a p a r t i c u l a r  s t r a t e g y  for 
s e l e c t i n g  t h e  c l o c k  and AV c o u n t e r  m o n i t o r  l i m i t s ,  t h e r e  i s  
a s i g n i f i c a n t  p r o b a b i l i t y  t h a t  t h e  a s t r o n a u t s  w i l l  p r e m a t u r e l y  
s h u t  down t h e  e n g i n e  d u r j n g  a good G & N c o n t r o l l e d  maneuver .  
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T h i s  r e su . l t  i s  b a s e d  on a s t u d y  of t h e  e x p e c t e d  d i s p e r s i o n s  
i n  LO1 maneuver b u r n  times and on t h e  e x p e c t e d  e r r o r s  i n  t h e  
AV c o u n t e r .  I f  t h i s  happened ,  a n o t h e r  maneuver would b e  re -  
q u i r e d  to c o m p l e t e  t h e  i - n s e r t i o n  i n t o  t h e  60 m i l e  c i r c u l a r  
o r b i t .  MSC c o n t e n d s  t h a t  i t  would b e  b e t t e r  t o  p l a n  on t h e  
s e c o n d  maneuver  and make p r o v i s i o n  f o r  i t  i n  t h e  t i m e l i n e .  
I n  f a c t ,  t h e y  a rgue ,  why n o t  a lways make a s e c o n d  maneuver?  
If a second  maneuver  i s  s c h e d u l e d ,  i t  c a n  b e  made long enough 
t o  e n s u r e  t h a t  t h e  g u i d a n c e  system g e t s  c o n t r o l  o f  i t  and 
s t e e r s  c u t  any a t t i t u d e  d i s p e r s i o n s  and c e n t e r  o f  g r a v i - t y  
u n c e r t a i n t i e s  e x i s t i n g  a t  t h e  b e g i n n i n g  o f  t h e  b u r n .  (The  
c e n t e r  o f  g r a v i t y  u n c e r t a i n t i e s  s h o u l d  a c t u a l l y  b e  quite 
sma1.l f o l l o w i n g  the lonp; f i r s t  b u r n .  ) Subsequen t  s t u d y ,  
however ,  h a s  uncove red  e r r o r s  i n  t h e  numbers p r e s e n t e d  i n  
R e f e r e n c e  1. The p r o b a b i l i t y  o f  a n  u n d e r b u r n  i s  a c t u a l l y  
s i g n i f i c a n t l y  smaller  t h a n  s t a t e d  i n  R e f e r e n c e  1. F u r t h e r -  
more,  t h i s  memorandum w i l l  d e m o n s t r a t e  t h a t  i t  i s  poss ib1 .e  
to make t h e  p r o b a b i l i t y  of an  u n d e r b u r n  even  smal le r  w h i l e  
s t i l l  ensu r i . ng  a very h i g h  p r s b a b i l - i t y  o f  a s a f e  one-burn  
I J O I  . 

MSC a l s o  c o n t e n d s  that, s i n c e  two o r b i t s  a r e  r e -  
q u i r e d  p r i o r  t o  the p l a n e  t r i m  maneuver ,  t h e  a c t u a l  t i m e l i n e  
i s  n o t  r e a l l y  a f f e c t e d  b y  t h e  two o r b i t s  be tween t h e  two LO1 
maneuver s .  The s e c o n d ,  or c i r c u l a r i z a t i o n ,  b u r n  c a n  be  
pe r fo rmed  on t h e  same o r b i t  as t h e  p l a n e  t r t m  maneuver .  I n  
f a c t ,  a n a l y s i s  clone h e r e  a t  Hellcomm and at M S C  i n d i c a t e s  t h a t  
i t  i s  feas i .b le  t o  combine t h e  c i r c u l a r i z a t i o n  and p l a n e  t r i m  
maneuver s .  The  problem w i t h  t h i s  a rgument  i s  t h a t  t h e r e  a r e  
good r e a s o n s  for n o t  d o i n g  t h e  p l a n e  trim maneuver  s o  l o n g  
b e f o r e  l a n d i n g .  ( C u r r e n t  t i m e l i - n e s  p l a c e  l a n d i n g  some 16 t o  
20 h o u r s  a f t e r  LOI. ) P r e v i o u s  s t u d i e s  (for example ,  Hef 'erence 
2 )  i n d i c a t e  t h a t  t h e  e x p e c t e d  t h r e e  sigma o u t - o f - p l a n e  p o s i t i o n  
errors a f t e r  LO1 a r e  a b o u t  1 5 , 0 0 0  f e e t  ( n o t  i n c l u d i n g  n a v i g a t i o n  
errors b e f o r e  LOI). T h i s  r e p r e s e n t s  a b o u t  .15 d e g r e e  o u t - o f -  
p l a n e  e r r o r  on t h e  l u n a r  s u r f a c e .  A r e c e n t  MIT s t u d y  which 
i n c l u d e d  t h e  e f f e c t s  o f  MSFN u n c e r t a i n t i e s  p r i o r  to LO1 
3.r .dicates p o s t  LO1 ou.t-of-plane t h r e e  s igma d i s p e r s i o n s  i n  t n e  

. n e i g h b o r h o o d  o f  0 . 4  to 0 . 5  d e g r e e s .  An -MSC s t u d y  of  O r b i t e r  111 
data  i n d i c a t e s  that t h e r e  i s  an u n c e r t a i n t y  o f  a b o u t  0 . 3  d e g r e e s  
i n v o l v e d  i n  MSFN deterrr i inat i -on and p r o p a g a t i o n  o f  t h e  o u t - o f -  
p l a n e  s p a c e c r a f t  p o s i t i o n  i n  l u n a r  o r b i t .  The e x p e c t e d  d i s p e r -  
s i o n s  t h e n ,  a r e  o n l y  s l i g h t l y  l a r g e r  t h a n  the u n c e r t a i n t y  i n  
d e t e r m i n i n g  them.  F u r t h e r m o r e ,  c o n s i d e r i n g  t h e  u n c e r t a i n t y  i n  
t h e  l u n a r  g r a v j  t a t i o n a l  p o t e n t i a l ,  t h e r e  i s  enough d i s s i m i l a r i t y  
be tween  t h e  O r b i t e r  I11 o r b i t  and t h e  60 m i l e  c i r c u l a r  A p o l l o  
p a r k i n g  o r b i t  to at l e a s t  ra i . se  t h e  p o s s i b i l i t y  t h a t  t h e  0 . 3  
d e g r e e  u n c e r t a i n t y  may b e  optj.mri s t3 . c .  

. .. ~ .. . . -- .. . . . . . 
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Ti?€ b e s t  way o u t  o f  t h e  d i lemma,  i n s o f a y  as a c c u r a t e l y  
a d j u s t i n g  t h e  p l a n e  i s  c o n c e r n e d ,  i s  to do  t h e  p l a n e  t r i m  as 
c l o s e  t o  l a n d i n g  as p o s s i b l e .  T h i s  would  a l l o w  i n c o r p o r a t i o n  
of d a t a  f rom o p t i c a l  s i g h t i n g s  o f  t h e  l a n d i n g  s i t e .  The  d i f f i -  
c u l t y  a r i s e s  when t i . y i n g  to f i n d  a p l a c e  f o r  t h e  maneuver  i n  
t h e  a l r e a d y  overcrowded l u n a r  o r b i t  t i m e l i n e .  At t h i s  p o i f i t ,  
however ,  i t  would seem t h a t  t h e r e  i s  a n o t  i n s i g n i f i c a n t  p r o b a -  
b i l i t y  t h a t  t h e  o p t i c a l  s i g h t i n g s  of  t h e  l a n d i n g  s i t e  w i l l  
d i s c l o s e  a p l a n e  e r r o r  g r e a t e r  t h a n  0 . 3  degrees  and f o r c e  a n  
unplar ined CSM p l a n e  t r i m .  (The c u r r e n t  LM d e s c e n t  AV b u d g e t  
a l l o w s  f o r  0 . 3  degrees  p l a n e  c o r r e c t i o n . )  T h i s  would argue 
t h a t  u n l e s s  t h e  l u n a r  g r a v i t a t i o n  p o t e n t i a l  p rob lem i s  s o l v e d  
or f u r t h e r  ar la lysis  shows that no p rob lem e x i s t s  , a l l o w a n c e  
f o r  t h e  t r i m  maneuver m u s t  b e  made i n  t h e  t i m e l i n e  c l o s e  to 
l a n d i n g .  The two-burn L O 1  p r o p o s a l  would t h e n  add  a n  e x t r a  
two o r b i t s  t o  t h e  l u n a r  o r b j ~ t  t i m e l i n e .  The p l a n e  trim c l o s e  
to l and iny ;  m i g h t  r e q u i r e  a n  e x t r a  orbit on t h e  l a n d i n g  d a y ,  
b u t  a p p a r e n t l y  t h e r e  i s  a good chance  a n o t l i e r  o r b i t  w i l l  b e  
reqiw~~ed a n y ~ ~ ~ a y  b e c a u s e  of t h e  o v e y ~ y = ~ ; d c d  +-; bAi!lcAi.n~. ---l If , Gi? 

t h e  o t h e r  hand ,  i t  can  b e  d e f i n l i t e l y  shown t h a t  t h e  p l a n e  trfm 
c a n  b e  s a t j - s f a c t o r i l y  pe r fo rmed  o n  t h e  I,3I d a y ,  i t  would p rob-  
a b l y  b e  b e t t e r  t o  do i t  t h e n  i n  o r d e r  to a v o i d  c o n f l i c t  w i t h  
a c t i v i t y  c l o s e  t o  l a n d i n g .  I n  t h a t  case ,  t h e  two-burn LO1 
d o e s  n o t  f o r c e  a n  i n c r e a s e  i n  t he  t i m e  i.n l u n a r  o r b i t .  

I t ’ s  t r u e  t h a t  t h e  l o n g e r  t h e  m i s s i o n ,  the smal le r  
t h e  c h a n c e  o f  m i s s i o n  s u c c e s s .  However, i t  i s  d i f f i c u l t  t o  
i m a g i n e  t h a t  t h e  e x t r a  f o u r  h o u r s  r e q u i r e d  b y  t h e  two-burn 
LO1 i s  s i g n i f i c a n t l y  d e t r i m e n t a l .  The e x t r a  two o r b i t s  i n  
the l u n a r  o r b i t  t i m e l i n e  c o u l d  b e  c r i t i c a l  on l o n g  f l i g h t  t ime 
n o n - f r e e  r e t u r n  (maybe  h y b r i d )  t r a j e c t o r j  es  b e c a u s e  o f  LP4 s y s t e m  
l i f e t i m e  c o n s t r a i n t s .  F o r  f r e e  r e t u r n  f ’ l i g h t  t imes ,  however ,  
t h e  e x t r a  f o u r  h o u r s  i s  n o t  a problem i n  t h i s  r e s p e c t .  

S t i l l  a n o t h e r  argument  f o r  t h e  o p e r a t i o n a l  s u p e r i o r i t y  
o f  t h e  two b u r n  d e b o o s t  i s  t h a t  LM w e i g h t  p rob lems  may f o r c e  
a r e q u i r e m e n t  f o r  a n  e v e n  lower  p a r k i n g  o r b i t .  It would seem, 
however ,  t h a t  i f  t h e  p a r k i n g  o r b i t  g e t s  much l o w e r  t h a n  6 0  
m i l e s ,  t h e  r e s u l t i n g  low approach  h y p e r b o l a  p e r i c y n t h i o n s  m I  y h t  
f o r c e  one  to use a t h r e e - b u r n  d e b o o s t  r a t h e r  t h a n  a two- or 
one-burn  d e b o o s t .  

Another  p o s s i b l e  a d v a n t a g e  t o  t h e  two b u r n  LO1 i s  
t h a t  it may b e  p o s s i b l e  to p e r f o r m  t h e  maneuver w i t h  a s l i g h t l y  
more degraded  G & N system t h a n  would b e  p o s s i b l e  i n  t h e  one 
b u r n  c a s e .  T h i s  would n o t  c o n t r i b u t e  to t h e  p r o b a b i l i t y  of  a 
s u c c e s s f u l  l u n a r  l a n d i n g  m i s s i o n ,  b u t  migh t  mean t ha t  a l u n a r  
o r b i t  m i s s i o n  c o u l d  he p e r f o r n i c d  r a t h e r  t h a n  a simple f l y b y  
m i s s i o n  i n  c e r t a i n  case:; .  

I 
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A t  t h i s  p o i n t ,  i . t  i s  u s e f u l  t o  examine  t h e  p r o b a b i l i t y  
of  a n  e a r l y  shutdown of an o t h e r w i s e  good b u r n .  R e f e r e n c e  1 
u s e d  t h e  f o l l o w i n g  method f o r  s e l e c t i n g  t h e  m o n i t o r  limits f o r  
t h e  c l o c k  and  t h e  AV c o u n t e r :  

M o n i t o r  L i m i t  = Nominal. Va lue  - 3a D i s p e r s i o n  - A s t r o n a u t  
Delay  t Bias.  

The b i a s  t e rm r e p r e s e n t s  t h e  e x t r a  b u r n  t i m e  or AV r e q u i r e d  
t o  a c h i e v e  a s e l e c t e d  p e r i l u n e  a l t i t u d e .  F o r  e x a m p l e ,  t h e  
e x t r a  a V  r e q u i r e d  to c h a n g e  t h e  0 r b i . t  f r o m  80 mi les  c i r c u l a r  
t o  a n  80 by 140 m i l e  e l l i p s e  i s  5 5 . 6  f p s .  S e l e c t i - n q  t h e  m o n i t o r  
l i m i t  i n  t h i s  manner  p l a c e s  t h e  p r o b a b i l i t y  o f  a c h i e v i n p ;  a 
p e r j - l u n e  less t h a n ,  i n  t h i s  example 40  miles, a t  t h e  t h r e e  si-gma 
p o i n t  ( p r o b a b i l i t y  equals .00135)  when nioni t o r i n g  e a c h  s y s t e m .  
l f  t h e  a s t r o n a u t  wai ts  u n t i l  b o t h  t h e  AV c o u n t e r  and  t h e  c l o c k  
e x c e e d  t h e  m o n i t o r  l i m i t s ,  t h e  p r o b a b l i i t y  of' a p e r i l u n e  less 
t h a n  40 m i l e s  i s  .002698 ( a s suming  t h e  d i s t r i b u t i o n s  a re  normal  
and i n d e p e n d e n t ) .  

The t r a j e c t o r y  used  i n  R e f e r e n c e  1 p r o d u c e d  t h e  
s t a t l s t i c s  and  nomina l  v a l u e s  shown i.n t h e  f o l l o w i n g  t a b l e .  

AV C o u n t e r  Read ing  a t  t h e  
LO1 Burn  Time ( s e e )  End o f  LO1 ( f p s )  

Nominal 382.77 3169.8 

Mean 382.80  . 3170 .4  

10 1 . 6 7  1 4 . 3 2  

30 5.01 4 2 . 9 6  

rJow 3a 3 7 7 . 7 6  3 1 2 6 . 8 4  

High 30 387.78 3 2 1 2 . 7 6  

The s t a t i s t i c s  were n o r m a l l y  d i s t r i b u t e d  w i t h  a h i g h  
p r o b a b i l i t y  t h a t  t h e  mean i s  equal .  . t o  t h e  nomina l  v a l u e .  The 
v a l u e  u s e d  f o r  a s t r o n a u t  delay was 1 s e c o n d  ( =  9 . 8  f p s  f o r  t h e  
LIV c o u n t e r ) .  

The a u t h o r s  were  u s i n g  a t r a j e c t o r y  which  i n v o l v e d  
i n s e r t i o n  i n t o  a n  80 n a u t i c a l  m i l c  p a r k i n g  o r b i t .  The numbers  
o b t a i n e d  f o r  t h e  8 0  mrile p a r k i n g  o r b j t  were a p p l i e d  t o  a 60  
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A H  !n .  m i . )  

M o n i t o r  L i m i t s  f o r  t h e  C lock  and 

30 

mile  p a r k i n g  o r b i t  by making t h e  approx ima , t ion  t h a t  t h e  AV 
r e q u i r e d  to l o w e r  t h e  p e r i l u n e  o f  a c i r c u l a r  o r b i t  b y  some 
AH (for e x a m p l e ,  40 m i l e s )  was t h e  same f o r  b o t h  t h e  6 0  by 
20 m i l e  case  arid t h e  8 0  by 4 0  mi le  c a s e .  

The fo l lowin , ?  t a b l e s  a r e  e x t r a c t e d  from Refer>ence  1. 

T a b l e  1 

The Bias V a l u e s  U s e d  For The Clock  And AV, 
C o u n t e r  A s  A F u n c t i o n  O f  Tne Al.lowed Change 
I n  The Resul . t jng '  O r b i t ,  A H  

The r e s u l t i n g  m o n 5 t o r  l i m i t s  f o r  t h e  c l o c k  and  EDlS 
AV c o u n t e r  a r c  p r e s e n t e d  i n  Tab le  2 .  N o t e  t h a t  these i n c l u d e  
t h e  a s t r o n a u t  d e l a y  f a c t o r .  

T a b l e  2 

Clock  ( s e e . )  }-- 3 8 1 . 0  

AV C o u n t e r  ( f t / s e c .  ) I 3158.7* 

hV Coun te r  

40 

382.4  

3172 .6% 

~~~ 

2s a F u n c t i o n  o f  A H  

I n  d e r i v i n g  t h e  d a t a  for T a b l e s  3 and  4, t h e  R e f e r e n c e  
1 a u t h o r s  d e t e r m i n e d  t h e  p r o b a b i l i t y  t h a t  t h e  b u r n  t i m e  or t h e  
AV c o u n t e r  r e a d i n g  for a good G & N b u r n  exceeded  t h e  m o n i t o r  
l i m i t s  p r e s e n t e d  i n  T a b l e  2 .  T h i s  t h e n ,  d e t e r m i n e s  the p r o b a b i l i t y  

*These numbers  were c a l c u l a t e d  b y  t l ie a u t h o r  f rom t h e  d a t a  i n  
R e f e r e n c e  1 and  e a c h  i s  smaller t h a n  t h e  v a l u e  p r e s e n t e d  i n  
R e f e r e n c e  1 by 1.7 f p s .  The a u t h o r  t a l k e d  w i t h  t h e  a u t h o r s  of  
R e f e r e n c e  1 a b o u t  t h e  d i f f e r e n c e ,  b u t  t h e  r e a s o n  f o r  t h e  d i s c r e p -  
ancy  h a s  not b e e n  r e s o l v e d  y e t .  
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A H  ( n .  m i . )  

% P r o b a b i l i t y  . 

- 6 -  

30 40 50 60 

38.1  6.8 0.3 0 

t h a t  a good G & Ti b u r n  w i l l  be  m a n u a l l y  s h u t  down p r e m a t u r e l y .  
S i n c e  t h e r e  i s  a f i n i t e  p r o b a b i l i t y  t h a t  t h e  G 8 N s y s t e m  will 
c a u s e  e n g i n e  shutdown d u r i n g  t h e  one-second a s t r o n a u t  d e l a y  
p e r i o d ,  t h e  p r o b a b i l i t i e s  should have  b e e n  computed on t h e  
b a s i s  o f  t h e  m o n i t o r  l i m i t  p l u s  t h e  a s t r o n a u t  d e l a y  aI.1orsance. 
T h i s  a c t u a l l y  makes q u i t e  a d i f f e r e n c e .  For example ,  R e f e r e n c e  
1 p r e s e n t s  t h e  v a l u e  o f  2 4 . 8 %  as t h e  p r o b a b i l i t y  o f  a n  u n d e r -  
b u r n  f o r  a b i a s  b a s e d  on a A H  = 40 mi les  and b a s e d  o n  m o n i t o r i n g  
b o t h  s y s t e m s .  T a k i n g  t h e  a s t r o n a u t  d e l a y  t i m e  i n t o  a c c o u n t  
y i e l d s  a p r o b a b i l i t y  o f  7 %  f o r  t h i s  c a s e .  The f o l l o w i n g  t a b l e s  
a re  e q u i v a l e n t  t o  T a b l e s  3 and 4 i n  R e f e r e n c e  1 b u t  w i t h  t h e  
a s t r o n a u t  d e l a y  t a k e n  i n t o  a c c o u n t .  

A I 1  ( n .  m i . )  
- 
% P r o b a b i l i t y  Clock 

EI4S AV 

T a b l e  3 

P r o b a b i l i t y  o f  C u t t i n g  O f f  a Good G & N Maneuver Rased on 
M o n i t o r i n g  Both t h e  EMS AV Coun te r  and t h e  Clock  

60 
- 

30 40 50 

68 36 11 2 

. 56 19 2.5 0 

Tab l e  11 

T a b l e  3 i n  R e f e r e n c e  1 was d e r i v e d  from a c t u a l  ex-  
a m i n a t i o n  o f  t h e  Monte Carlo s a m p l e s .  Herle, T a b l e  3 was 
d e r i v e d  from t h e  d a t a  i n  Tab le  4 and a s sumes  t h e  d i s t r i b u t i o n s  
a r e  s t a t i s t i c a l l y  i n d e p e n d e n t .  There i s  a v e r y  weak dependence  
o f  t h e  AV c o u n t e r  on t h e  b u r n  time d u e  t o  e x t r a  g r a v i t y  l o s s e s  
i n  a l o n g e r  b u r n .  However, t h a t  e x t r a  AV i s  s o  much smaller  
t h a n  t h e  AV c o u n t e r  e r r o r s  t h a t  t h e  f i g u r e s  w o u l d n ’ t  be  a f f e c t e d  
for t h e  number o f  s i g n i f i c a n t  d i g j t s  p r e s e i l t c d  ( n o t  t o  m e n t i o n  
how a c c u r a t e l y  t h e  a u t h o r  c a n  read a xe roxed  g r a p h ) .  

The R e f e r e n c e  1 s t u d y  was n o t  d e s i g n e d  t o  p r o d u c e  
i n f o r m a t i o n  a b o u t  t h e  o r b i t s  t h a t  would r e s u l t  f rom t h e  p r e -  
m a t u r e  shu tdown .  For t h e  A H  = 40 and m o n i t o r i n g  b o t h  s y s t e m s  
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c a s e ,  however ,  i t  would seem t h a t  a v e r y  l a r g e  p e r c e n t a g e  
o f  t h o s e  7 %  e a r l y  shutdowns  are v e r y  n e a r l y  i n  t h e  d e s i r e d  
o r b i t .  The p r o b a b i l i t y  o f  h a v i n g  t o  do a n o t h e r  maneuver  
to r e d u c e  a p o l u n e  would seem t o  b e  q u i t e  small. F u r t h e r m o r e ,  
t h e  p r o b a b i l i t y  of  c r a s h i n g  w i t h  t h o s e  m o n i t o r i n g  l i m i t s  c a n  
be shown t o  b e  a b o u t  1 . 9  x times t h e  p r o b a b i l i t y  of a 
G & N f a i l w e  which  i n h i b i t s  a u t o m a t i c  shu tdown ,  g o e s  un-  
d e t e c t e d  b y  t h e  a s t r o n a u t  w a t c h i n g  t h e  D S I i Y ,  FDAI, and  m o n i t o r  
d i s p l a y s ,  b u t  a l l o w s  manual  shutdorm o f  t h e  e n g i n e .  To 
compute t h e  p r o b a b i l i t y  of c r a s h i n g ,  c r a s h i n g  was d e f i n e d  as 
e x c e e d i n g  t h e  AV r e q u i r e d  t o  lower  p e r i l u n e  o f  a c i r c u l . a r  
o r b i t  a t  t h e  3a low p o s t  L O 1  p e r i l u n e  a l t i t u d e  (54  m i l e s )  
to zero m i l e s  a l t i t u d e .  Thus ,  t h e  m o n i t o r  l i m i t s  a r e  s e e n  
to b e  e x t r e m e l y  c o n s e r v a t i v e .  I f  t h e  a l t i t u d e  d i s p e r s i o n s  
f o r  t h e  7 %  e a r l y  shutdowns  can n o t  b e  t o l e r a t e d ,  t h e r e  i s  
p l e n t y  of' s l a c k  i n  t h e  m o n i t o r  1 i m i . t s .  

A s  a n o t h e r  example ,  t h e  d a t a  i.n R e f e r e n c e  1 was 
reworked  t o  remove t h e  e f f e c t s  o f  tile eyui .va le r ice  of t h e  
s t a t i s t i c s  for 80 n i l e  and 60 mile p a r k i n g  o r b i t s .  I n s e r t i o n  
i n t o  a 6 0  m i l e  p a r k i n g  o r b i t  r e q u i r e s  i n  t h e  n e i g h b o r h o o d  o f  
2 3 . 3  f p s  g r e a t e r  AV t h a n  d o e s  i n s e r t i o n  i n t o  a n  80 m i l e  
o r b i t .  T h i s  r e p p e s e n t s  a b o u t  2 . 3 8  s e c o n d s  a d d i t i o n a l  b u r n  
t ime. If one assumes t h a t  t h e  e x p e c t e d  one sigma d i s p e r s i o n s  
i n c r e a s e  p r o p o r t i o n a l l y  to t h e  e x t r a  AV, t h e y  become 1 4 . 4 2 5  
f p s  and  1 . 6 8  s e e .  f o r  t h e  AV c o u n t e r  and t h e  b u r n  t i m e  r e -  
s p e c t i v e l y .  If t h e  m o n i t o r  l i m i t s  a r e  s e t  up t h e  same way 
as i n  R e f e r e n c e  1 for t h e  A H  = 40 m i . l e  c a s e ,  t h e y  become 
3194 .9  f p s s  f o r  t h e  AV c o u n t e r  and  383 .53  s e e . *  f o r  t h e  c l o c k  
( i n c l u d i n g  a s t r o n a u t  d e l a y  t i m e ) .  For t I i e se  l i m i t s ,  t h e  
p r o b a b i l i - t y  o f  a n  u n d e r b u r n  i s  66.64% m o n i t 3 r i n g  t h e  c l o c k  
o n l y ,  21..19% m o n i t o r i n g  t h e  AV c o u n t e r  o n l y ,  and 1 4 . 1 2 %  
m o n i t o r i n g  b o t h  s y s t e m s .  The p r o b a b i l i t y  o f  c r a s h i n g  i s  

2 . 8 7  x m o n i t o r i n g  t h e  c l o c k  o n l y ,  5 . 4 1  x m o n i t o r i n g  
t h e  AV c o u n t e r  on1y;and  5 . 7  x 1 0  m o n i t o r i n g  b o t h  s y s t e m s .  
Again  t h e s e  s h o u l d  b e  m u l t i p l i e d  b y  t h e  p r o b a b i l i t y  of  t h e  
G & N f a i l u r e .  

-6 

The  m o n i t o r  l i m i t s  can a l s o  b e  s e l e c t e d  t o  p r o v i d e  
some g i v e n  p r o b a b i l i t y  o f  a n  unde rburn .  For example ,  i f  t h e  
d e s i r e d  p r o b a b i l i t y  o f  a n  unde rburn  i s  s e t  a t  1% and t h e  
p r o b a b i l i t y  of  a n  u n d e r b u r n  due t o  m o n i t o r j n g  e a c h  s y s t e m  
i n d i v i d u a l l y  i s  s e t  a t  lo%, t h e  p r o b a b i l i t y  o f  c r a s h i n g  c a n  

*These figurcs u s e  514.877 f p s  b i a s  t o  g e t  f rom 6 0  m i l e  
c i r c u 1 a . r  t o  a 60 b y  20 mile e l l i p s e .  
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b e  computed.  I n c i d e n t l y ,  t h a t  breakdown of  10% to e a c h  s y s t e m  
d o e s  n o t  min imize  t h e  p r o b a b i l i t y  of' c r a s h i n g .  A much b e t t e r  
d i s t r i b u t i o n  c a n  be  f o u n d ,  b u t  t h i s  one w i l l  s e r v e  as a n  
example .  The r e s u l t i n g  m o n i t o r  l i m i t s  would b e  388 .3  s e c o n d s  
f o r  the c l o c k  and  3221.11 fps f o r  t h e  AV c o u n t e r .  The p roba -  

b i l i t y  o f  c r a s h i n g  i s  4 .83  x m o n l t o r i n g  t h e  c l o c k  o n l y ,  
3 .17 x m o n i t o r i n g  t h e  AV c o u n t e r  o n l y  and 4 . 4 4  x 
m o n i t o r i n g  b o t h .  The l i m i t s  a r e  s t i l l  qu . i te  s a f e - - e s p e c i a l l y  
when t h e  p r o b a b i l i t y  o f  t h e  G & N f a i l u r e  i s  i n c l u d e d .  The 
numbers  a r e  a l s o  c o n s e r v a t ' i v e  b e c a u s e  t h e y  assume t h a t  t h e  
e x t r a  AV i s  a p p l i e d  i n  t h e  most s e n s i t i v e  d i r e c t i o n .  

A s  a c o n c l u s i o n  from a1.1 t h i s ,  it d o e s  n o t  a p p e a r  
t h a t  t h e  m o n i t o r i n g  problem c o n t r i b u t e s  a r e q u i r e m e n t  f o r  a 
two-burn d e b o o s t - - a t  l e a s t ,  no t  f o r  i n j e c t i o n  i n t o  a 6 0  mile 
p a r k i n g  o r b i t .  D i r e c t  i n j e c t i o n  i n t o  s u b s t a n t i a l l y  l o w e r  
o r b i t s  would be  a d i f f e r e n t  s tery.  

SUMMARY AND C O N C L U S I O N  

S e v e r a l  o f  t h e  a rguments  f o r  t h e  two-burn d e b o o s t  
have  been  d i s c u s s e d  and none of them seen1 t o  i n d i c a t e  t h a t  i t  
i s  r e q u i r e d .  The e x p e c t e d  LO1 d i s p e r s i o n s  do n o t  i n d i c a t e  a 
r e q u i r e m e n t  f o r  i t .  Moni to r  l i m i t s  c a n  b e  e s t a b l i s h e d  which 
are b o t h  safe  and p r o v i d e  a ve ry  small  p r o b a b i l i t y  o f  a p r e -  
m a t u r e  shutdown.  T h i s  i s  e s p e c i a l l - y  s o  when one  c o n s i d e r s  
t h e  p r o b a b i l i t y  o f  a G & N f a i l u r e  which i n h i b i t s  a u t o m a t i c  
shutdown,  g o e s  u n d e t e c t e d  by t h e  a s t r o n a u t s  w a t c h i n g  t h e  
DSKY, F D A I ,  and rrionitor d i s p l a y s ,  b u t  a l l o w s  manual  e n g i n e  
shutdown.  

The argument  t h a t  the t i r n e l i n e  i s  n o t  a f f e c t e d  
b e c a u s e  o f  t h e  two o r b i t s  i n  t h e  i n t e r m e d i a t e  p a r k i n g  o r b i t  
r e q u i r e d  b e f o r e  t h e  p l a n e  t r i m  maneuver  i s  shaky b e c a u s e  
the1-e i s  r e a l  doub t  as t o  t h e  u s e f u l n e s s  o f  t h e  p l a n e  t r i m  
t h a t  l o n g  b e f o r e  l a n d j n g  anyway. On t h e  other hand ,  i t  i s  
p r o b a b l e  t h a t  t h e  e x t r a  two o rb r i t s  a r e  n o t  s i g n i f ' i c a n t l y  
d e t r i m e n t a l .  

G e n e r a l l y ,  t h e n ,  t h e r e  a p p e a r s  t o  be  no good t e c h -  
n i c a l  argument  for t h e  two-burn LOI. R u t ,  n e i t h e r  h a s  one  
been  b r o u g h t  up  t h a t  i n d i c a t e s  it s h o u l d  n o t  b e  done .  U n l e s s  
i t  ca.n be  shown that a p l a n e  t r i m  s c o n  a f t e r  LO1 c o m p l e t e l y  
g u a r a n t e e s  t h a t  another one  won' t  b e  r e q u i r e d  s h o r t l y  b e f o r e  
l a n d i n g ,  t h e  two-burn L O 1  i n v o l v e s  a n  e x t r a  CSM/KCS f u e l  e x p e n d i t u r e  
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R i g o r o u s l y  s p e a k i n g ,  t h e  two b u r n  LO1 d o e s ,  i n  f a c t ,  d e c r e a s e  
t h e  p r o b a b i l i t y  o f  a c r a s h ,  b u t  t h e  d e c r e a s e  i s  f rom a n  a l r e a d y  
very small p r o b a b i l i t y .  I t  i s  p o s s i b l e  t h a t  a n  e x t r a  SPS b u r n  
would have  some i m p l j c a t i o n  on t h e  p r o b a b i l i t y  o f  m i s s i o n  s u c -  
c e s s .  I f ,  however, o n l y  one p l a n e  trim i s  r e q u i r e d ,  and  i f  i t  
c a n  be  a c c u r a t e l y  done  i n  c o n j u n c t i o n  w i t h  t h e  s e c o n d  LO1 b u r n ,  
no e x t r a  SPS maneuvers  a r e  i n v o l v e d .  

D .  A .  Corey d 
2011-DAC-nr 
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Two Burn Lunar  Orbit I n s e r t i o n  
Maneuver 

D i s t r i b u t i o n  L i s t  

Compl-ete Memorandum t o  

NASA H e a d q u a r t e r s  

T .  A .  Keegan - MA-2 

MSC __ 

R .  L .  B e r r y  -- FM5 
A .  J .  Bordano - FM7 
M .  D .  C a s s e t t i  - FM7 
S .  P .  Mann - FM7 
J .  P .  Mayer - FM 
0.  E .  Maynard - PD 
R .  M .  Moore, Jr .  - FM7 
H .  W .  T i n d a l l ,  J r .  - FM 
J .  P .  Y e n c h a r i s  - FMIS 

B e  llcomm -_ 

D.  R .  Anselmo 
A .  P .  Boysen,  J r .  
G .  L .  Bush 
J .  0 .  C a p p e l l a r i ,  J r .  
K .  M .  C a r l s o n  
D.  R .  Hagner  
W .  G .  H e f f r o n  
B.  T .  Howard 
D .  B .  James 
S. L .  L e v i e ,  Jr. 
J .  Z .  Menard 
G .  J .  Miel 
V .  S .  Mummert 

R .  V .  S p e r r y  
J .  W .  Timko 
R .  L .  Wagner 
T. L .  Yang 
C e n t r a l  F i l e s  
Depar tment  1 0 2 3  
L i b r a r y  

< B .  G .  N i e d f e l d t  

v 

From: D .  A .  Corey 

A b s t r a c t  O n l y  t o  

Bellcornm 

D .  A .  Chisholrn 
I .  M .  Ross 


